SUMMARY Systolic time intervals were measured in 147 healthy 13-19-year-old adolescents to derive regression equations for clinical use in this age group and to determine to what extent they differ from those of children and adults.
SYSTOLIC TIME INTERVALS are widely recognized as a reliable method for noninvasive assessment of the systolic performance of the left ventricle. The normal intervals in adults were defined by Weissler et al.,1 who derived regression equations in relation to heart rate in adults 19-65 years old. These equations, however, are not applicable to children, whose normal systolic time intervals differ significantly from those in adults for any given heart rate. In a recent study on normal children ages 1 month to 13 years, we established regression equations that can be used as normal standards for clinical use in that age group.2 The present study was undertaken to define the regression equations relating systolic time intervals to heart rate in normal adolescents ages 13-19 years.
Methods
Systolic time intervals were measured in 147 healthy adolescents, 86 males and 61 females. The age distribution is shown in figure 1 . A medical history was obtained and a physical examination and ECG were performed before testing. Only healthy subjects with no intercurrent illness were included in the study. The The mean values for the independent variables and the systolic time intervals in all 147 adolescents and in males and females separately are given in table 1 . No significant differences were found between males and females in the independent variables age, systolic and diastolic blood pressure, serum calcium and serum chloride. The remaining independent variables showed a significant difference between the sexes. The heart rate, which ranged from 44-121 beats/min in the entire group, was significantly higher in females than males. There was no significant difference, however, between the mean values of the systolic time intervals in males and females.
Regression Equations
The stepwise regression analysis showed that heart rate was the only independent variable consistently None of the other independent variables alone was significantly related to QS2, LVET or PEP. For LVET and PEP, however, regression equations could be derived for hemoglobin, height or systolic blood pressure as additional variables to heart rate (table 2). The equations in which these variables were found to be relevant in addition to heart rate have only a slightly higher correlation (R) than the equations with heart rate alone; further, the addition of these variables does not improve or only slightly improves the coefficient of variation.
Heart rate alone showed no significant relationship to the PEP/LVET ratio. In male subjects, heart rate and hemoglobin together demonstrated a weak, significant correlation with the PEP/LVET ratio. In female subjects, height and systolic blood pressure together were relevant, although the correlation was not strong. These regression equations are shown in used together with heart rate, did, however, have a significant relationship to some of the systolic time intervals, but the influence of these variables in addition to heart rate was small, and the use of the regression equations in which these variables appear would add little accuracy when compared with the use of the regression equations with heart rate alone as normal standards.
For clinical use, the regression equations relating QS2, LVET and PEP to heart rate alone are satisfactory. The index values of these systolic time intervals (QS2I, LVETI and PEPI) obtained by transposing the terms of each regression equation are shown in table 3 with the normal values for each of the indexes. Because the PEP/LVET ratio in this study was essentially independent of heart rate, as it is in children and adults, the mean value and its standard deviation are shown in the table. Table 3 provides, therefore, the normal standards of systolic time intervals for clinical use in adolescents.
Although age was not a relevant variable in the regression equations in adolescents and there were no significant year-to-year differences, there were significant differences between adolescents and the other two age groups, children and adults. The regression lines for QS2, LVET and PEP in adolescents fall between the regression lines for children and adults (figs. 4 HEART RATE (beats/min.) 5). The slopes of the lines for adolescents are almost the same as those for children; all the systolic time intervals, however, are longer in adolescents than in children, at all heart rates, and the regression lines are significantly different from each other (p < 0.001). Compared with adults, the PEP at all heart rates is shorter in adolescents, and QS2 and LVET are shorter at the low or normal heart rates present in most of the adolescents. The mean PEP/LVET ratio for adolescents (0.32) is also midway between the ratios for children (0.30) and adults (0.345).
Comparison of children, adolescents and adults shows a distinct tendency toward lengthening of all the systolic time intervals with increasing age, independent of changes in heart rate. This tendency seems to continue in the elderly, who have been shown to have longer LVET and QS2 than young adults.5' 6 Further, there is a change in the relationship of the systolic time intervals to each other, the PEP lengthening proportionately more than the LVET, resulting in a progressively higher PEP/LVET ratio with development from childhood to adolescence and to adulthood. The factors determining these changes with increasing age are not obvious. The small but significant influence of changes in such factors as hemoglobin and blood pressure may play a role. Other possible factors, such as decreasing sympathetic nervous tonus and increasing aortic impedance, and a decline in myocardial contractility with increasing age, are speculative. The precise definitions of the underlying mechanisms, however, must await studies designed to correlate changes in hemodynamic factors with the changes in systolic time intervals with increasing age.
